Objective To characterize the medication and other exposures associated with pediatric community-associated Clostridium difficile infections (CA-CDIs).
C lostridium difficile is a spore-forming, toxin-producing, anaerobic bacillus responsible for a variety of gastrointestinal manifestations ranging from asymptomatic carriage to mild diarrhea, pseudomembranous colitis, and, very rarely in children, toxic megacolon, bowel perforation, and death. Clostridium difficile infection (CDI) is increasing among hospitalized children, 1 leading to increased mortality, longer length of stay, and greater hospitalization costs. 2 In recent years, however, the epidemiology of this infection has shifted as CDI cases in both adults and children increasingly have been originating in the community. 3, 4 These community-associated Clostridium difficile infections (CA-CDIs) now account for nearly one-third of all C difficile cases. 5 Although previous antibiotic exposure is a well-established risk factor for the development of CDI, there are limited data on which antibiotic class exposures precede CDI in children and few studies evaluating these exposures in CA-CDI. 6 In addition, studies of CA-CDI in both adult and pediatric populations have identified a large subset of patients without preceding antibiotic exposures. 4, 5 These findings highlight the need to identify additional exposures contributing to this increase in community transmission of CDI. Two recent small studies of CA-CDI in children identified use of gastric acid-suppression therapy 7 and the presence of a gastrointestinal feeding device 6 as additional risk factors for CA-CDI; however, the epidemiologic exposures and underlying risk factors leading to CA-CDI in children remain largely unknown. Using the large US military health system (MHS) database, we sought to characterize medication and other potential exposures associated with CA-CDI in the pediatric population.
Methods
We performed a case-control study using billing records from the TRICARE Management Activity MHS database, which includes all eligible military dependents cared for both in military and civilian facilities. Cases were selected from among children ages [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic code 008.45. This is the only code representing CDI and has been validated previously in pediatric billing records. 8 Children younger than 1 year old were excluded as C difficile frequently colonizes the intestine in healthy infants. [9] [10] [11] In addition, to evaluate only CA-CDI, children hospitalized at any time before their CDI were excluded from the analysis. Cases were then matched by age (date of birth) and sex with 3 controls without an ICD-9-CM code for CDI. We used outpatient pharmacy records for the selected cases and controls to identify medication exposures in the 12 weeks preceding the date of the first CDI among cases, including 10 classes of oral antibiotics (clindamycin, fluoroquinolones, sulfonamides, macrolides, penicillins, amoxicillin/clavulanate, tetracyclines, and first-, second-, and third-generation cephalosporins), 2 gastric acid-suppression medications (proton pump inhibitors, H2 receptor antagonists), and corticosteroids. Dosing or patient weight information was not available. All medication exposures were categorized as binary variables. In addition, we calculated the odds of CA-CDI with exposure to multiple classes of antibiotics. During the same 12-week time period, we also evaluated exposures to outpatient healthcare settings, siblings younger than 1 year of age, or to family members with a diagnosis of CDI. Each TRICARE dependent (either child or spouse) is tied to their sponsor in the MHS database by a unique identifier, which was used to identify and evaluate family member CDI exposures.
Univariate and multivariable conditional logistic regression were performed to calculate unadjusted and adjusted OR and 95% CIs. The dependent variable was CDI, and the independent variables were various medication exposures, family exposures, and the number of outpatient healthcare encounters. In addition, 2-way interactions between all independent variables were evaluated and included in the final multivariable model if significant. The Cochran-Armitage test for trend was used to analyze the trend in CA-CDI during the 13-year study period. P values less than .05 were considered statistically significant. All analyses were performed with SAS 9.3 (SAS Institute, Cary, North Carolina). The study was approved by our institutional review board.
Results
A total of 1331 children with CA-CDI and 3993 controls were identified and matched successfully by sex and exact date of birth from the MHS database during the study period ( Table I) . The median (IQR) age in years of CA-CDI cases and controls was 7.0 (3.3-13.4). Cases were divided evenly between male (50.3%) and female (49.7%) children. A total of 163 (12.2%) of children with CA-CDI were hospitalized on the same day as their outpatient encounter for CDI, and an additional 55 (4.1%) were hospitalized within the following week. The majority (59.7%) of the 1331 children with CA-CDI was prescribed at least 1 antibiotic in the 12 weeks preceding their diagnosis; however, 40.3% had no preceding antibiotic exposure. Of the 795 children with an identified antibiotic exposure preceding their CA-CDI, 319 (40.1%) were prescribed multiple classes of antibiotics, including 252 (31.6%) with exposure to 2, and 68 (8.6%) with exposure to 3 or more different antibiotic classes. The median (IQR) time to CA-CDI after an antibiotic prescription was 33 days (17-54). Pediatric CA-CDI cases demonstrated a significantly increasing trend during the 12-year study period with an average annual increase of 47.9% (P < .001) (Figure 1) .
The antibiotic class exposures associated most strongly with CA-CDI included fluoroquinolones (OR could not be calculated as 51 cases were exposed compared with 0 controls) ( Table I) , clindamycin (OR 73.00; 95% CI 13.85-384.68), and third-generation cephalosporins (OR 16.32; 95% CI 9.11-29.26) ( Table II) . In addition, children with recent exposure to multiple classes of antibiotics carried increased odds of developing CA-CDI, compared with those exposed to only 1 class of antibiotic (Figure 2) . The odds of CA-CDI following exposure to proton pump inhibitors (OR 8.17; 95% CI 2.35-28.38) was comparable with that of antibiotic class exposures. Outpatient healthcare clinic visits also were associated with CA-CDI in children, with a 35% increase in the odds of CDI of 
Discussion
Our study supports the occurrence of CDI among a population of children who were never hospitalized previously and provides a broad characterization of the medication and epidemiologic exposures associated with pediatric CA-CDI cases. Recent exposure to fluoroquinolones, clindamycin, thirdgeneration cephalosporins, and to multiple classes of antibiotics was associated strongly with the subsequent diagnosis of CA-CDI in children; however, a sizeable minority had no preceding antibiotic exposure. We identified exposure to proton pump inhibitors, outpatient healthcare clinics, and to family members with CDI as additional pediatric CA-CDI risk factors.
Although not the primary aim of our study, we identified a significantly increasing trend in CA-CDI cases in children during the 12-year study period, consistent with that previously described. 4, 12, 13 This increase in CA-CDI among children is alarming, as Tschudin-Sutter et al 13, 14 have reported an association between CA-CDI and both recurrent CDI and severe complications of CDI such as toxic megacolon.
Antibiotic exposure is the best-established risk factor for the development of CDI and was present in the majority of children with CA-CDI in our study. Nearly every class of antibiotic has been linked to the development of CDI; however, certain classes, especially those with a broader spectrum of action, including potent activity against enteric gram-negative and anaerobic bacteria, have been associated with a higher risk for this infection. 15, 16 Few studies have evaluated which antibiotics pose the greatest risk for CDI in children. In a large retrospective cohort of children with a newly diagnosed malignancy, recent exposure to classes of antibiotics used commonly in patients with fever and neutropenia were evaluated as potential risk factors for the development of HA-CDI. The authors noted a significantly increased risk of HA-CDI among those patients who were treated with aminoglycosides, thirdgeneration cephalosporins, and cefepime in the week preceding their CDI. 17 In a retrospective nested case-control study of children with HA-CDI and CA-CDI, receipt of fluoroquinolones or nonquinolone antibiotics in the preceding 4 weeks were both predictors of CDI. 18 Our study is the most complete description of antibiotic exposures in children with CDI and specifically characterizes those preceding infections acquired in the community, among presumably healthy, never-hospitalized children. Two recent metaanalyses studying the association between antibiotic class exposures and CA-CDI in adults closely matched the results of our study in children, identifying clindamycin, fluoroquinolones, and cephalosporins as having the greatest risk for CDI. Exposure to macrolides, sulfonamides, and penicillins also was associated with CDI in these studies in adults, but exposure carried a much lower risk. 15, 16 In addition, we identified a significant number of children with CA-CDI who were exposed to multiple classes of antibiotics in the 12 weeks preceding their infection and demonstrated an increase in the odds of CA-CDI with each preceding antibiotic class exposure. Combination antibiotic therapies may have constituted a broader spectrum of antimicrobial activity, leading to a greater impact on host microbial diversity, or if experienced in series may have impaired recovery of healthy microbiota before the next antibiotic exposure. Alternatively, those exposed to multiple antibiotic classes may represent children with more severe underlying disease, who therefore are more vulnerable to CDI.
More than 40% of the pediatric CA-CDI cases in our study had no preceding antibiotic exposure. This finding is consistent with a retrospective cohort of children with CDI who were evaluated in a hospital emergency department, of whom 43% had no recent documented antibiotic exposure. 4 Our results shed light on several nonantibiotic exposures that may have contributed to CA-CDI in these children. There is mounting evidence that maintenance of a physiologic gastric acid barrier may be important in preventing CDI, although acid-suppression medications may increase the risk of infections through other mechanisms. 19 Several studies of CDI in children support our findings that recent exposure to gastric acid-suppression medications is associated with CA-CDI. 7, 20, 21 We found that the odds of CA-CDI development following proton pump inhibitor and H2 receptor antagonist exposure were similar to that seen with antibiotic exposures. Given the high frequency with which these medications are prescribed in pediatrics for conditions such as physiologic reflux, these exposures may be a contributor to the increasing number of CA-CDI cases seen in children. 22, 23 Although C difficile remains a common hospital-associated infection, with great emphasis placed on the importance of infection control measures used to prevent spread in the inpatient setting, our results indicate that many CA-CDI cases may be the result of transmission in the outpatient healthcare setting. Each additional outpatient clinic visit increased the odds by 35% of children in our study developing CA-CDI. C difficile spores have been shown to survive for months to years in the environment and have been recovered from multiple surfaces in healthcare settings, including commodes, blood pressure cuffs, and both rectal and oral thermometers. Healthcare workers' hands, however, seem to be the most important vehicle in person-to-person spread. 24 It is therefore reasonable to conclude that some C difficile transmission is occurring in outpatient healthcare clinics, which traditionally were thought to be lower risk settings for the acquisition of C difficile. The CDC "Guide to Infection Prevention for Outpatient Settings" stresses the importance of using soap and water for handwashing when caring for patients with CDI and gives generic guidance on environmental cleaning; however the prevention of C difficile transmission in outpatient healthcare settings remains an important area for future research. 25 It is possible, however, that increased outpatient visits among children in our study reflect an increased underlying disease severity, placing them at increased risk for acquiring CDI. Further studies to evaluate and quantify the risk of CA-CDI in children from outpatient healthcare exposure are needed.
Recent contact with an immediate family member diagnosed with CDI was associated strongly with CA-CDI in our study but affected only a few children. Because we were only able to account for immediate family members with records in the MHS database, additional exposure to other family members and household contacts with CDI may have been missed, thereby underestimating the true impact of household CDI exposure. To help quantify the risk of CDI among household contacts of infected persons, Pepin et al 26 studied CDI attack rates among 1562 household contacts of 2222 index cases in a region of Quebec, Canada. They discovered that in the 3 months after CDI diagnosis in the index case, the attack rate for spouses and children was only 4.7 of 1000 and 5.9 of 1000, respectively. They concluded that interventions aimed at curbing household spread of C difficile were therefore not warranted, given the relatively low absolute risk of transmission. Others have argued, however, that household transmission of CDI should not be ignored and advocate for continued use of contact precautions for household contacts of infected patients while undergoing treatment at home. 27 Formal guidance in this area is limited, with the US Centers for Disease Control and Prevention factsheet for CDI only mentioning the importance of hand hygiene for patients infected with C difficile and their household contacts after returning home from the hospital. 28 As the epidemiology of CDI has shifted toward community acquisition, there has been increased recognition of asymptomatic C difficile carriage among both children and adults. 29, 30 In a study of adults with CA-CDI, those with minimal or no outpatient healthcare contact were more likely than those with high level outpatient healthcare contact to have been exposed to infants younger than 1 year old and household contacts with CDI. 5 In our analysis of pediatric CA-CDI cases, exposure to an infant younger than 1 year of age in the home was not associated with CDI; however, as mentioned previously, we were only able to capture infant exposure within the immediate family unit and cannot account for other exposure to infants in daycare settings or elsewhere outside the home. Regarding the risk of transmission from asymptomatic C difficile carriers, Durham et al 31 used a sophisticated model to demonstrate that hospitalized C difficile-infected patients transmit their infection 15 times more frequently than asymptomatic patients. In addition, they show that community transmission of CDI occurs at only 0.1% the rate of hospital transmission. Despite these low transmission rates, however, the authors rightly emphasize the significant contribution of asymptomatic C difficile carriage and community transmission toward CDI cases as a whole, given the substantial number of these C difficile sources present in the community. Further research on household CDI transmission is necessary to provide appropriate guidance to family member and close contacts of patients with CDI.
Ours is one of the largest studies of CA-CDI in children and includes a population that is both geographically and demographically diverse, treated at both military and civilian facilities, with universal access to care. This allowed us to accurately exclude children with previous hospitalizations and comprehensively identify antibiotic prescriptions in the period leading up to their CDI. Our study was limited by the use of an ICD-9-CM code for case identification and therefore is vulnerable to misclassification bias; however, this code has been previously validated as a measure of CDI. Although the children in our study were never hospitalized before their CDI, we could not account for any hospital visits they made to visit friends or family members or hospital exposure apart from inpatient admission. In addition, as our measurement of antibiotic exposure was based on antibiotic prescriptions dispensed from pharmacies, and not medication compliance, the contribution of antibiotics to CA-CDI could be overestimated.
Improved stewardship of antibiotics is clearly important, but decreasing antibiotic exposure alone will not eliminate CA-CDI cases in children. Our findings also support judicious use of acid-suppression medications and highlight the need for THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 186 efforts to better quantify C difficile transmission and limit its spread both in ambulatory healthcare settings and in households. ■ Submitted for publication Jan 3, 2017; last revision received Feb 15, 2017; accepted Mar 10, 2017 
